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PREFACE

The work reported in this technical note was conducted as a sub-

task within a larger project directed toward the assessm.ent of tactical

deception in antisubmarine warfare. The project was sponsored by Naval

Analysis Programs, Mr. 1L. J. Miller, Director, in the Office of Naval

Research, Mr. J. G. Smith was the ONR Project Scientific Officer. 4
The research effort was performed by the Naval Warfare Research

Center, Mr. L. J. Low, Director, of Stanford Research Institute.

Mr. A. Bien of NWRC was the project leader.

The author wi;hes to thank Mr. M. W. Zumwalt for his invaluable

help in the preparation of the simulation model description,
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ITo the (c.C' ot o hiu sbmarineiL a Ia--heI, .the model user may exercise

an opli,tt to select cithel' an initial position inside the area or a

position oi1 flhc boundary of thie area. In th'is latter case, the initial

submarine position, P s wo (I1d be (u is again a random number):

= (R, 2rU) = 1 cos (2TnuQ R sin (2vu 3 )]

In the former case, the procedure would be similar to that described

above for determining the initial position of the HVTT

For the majority of the cases investigated, an initial submarine

position on the boundary of the search area was selected. This condition

was coinsidered to more accurately describe the actual operational situations

which might be encounltered.

2.2 Model Time

Each of the submodels employs a fixed time--step form of operation to

record el.apsed program time. Thus, participant motion and the oceurrence,

non-occurrence of tarious events are evaluated at constant, discrete points

in time. This form of model construction necessitates a tradeoft betweenI

the size of the time-step and the concurrent actual running" time of the

programn. Currently, a time-step of 0.5 hours is used. This interval

provides a sufficiently detailed dcscr, ption of the tanteractions of the

various forceuos, while ,not requiring exorbi tan( program rull ontog t il.

.,'4. Of course, the size of the time-step may be inputted pr7ior to program

utitizat ý,too.

. .•.4
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2 .3 Submlarine/iIYT 'Decoy Motion

Once the initia i positions of the various units are determined, the

motion of each is the result of a pseudo-random process. That is, the

choice of direction is purely random, but the unit speed and length of time

on each leg are predetermined. Further, because of the finite nature of

the.' boundary of the arca as well as other operational considerations,

the motion of the various units may be inhibited to conform to these con-

ditions. Area boundary effects are discussed in this section; other

operational factors which inhibit unit motion are discussed in the

appropriate sections which follow.

A typical search initiation situation is illustrated in Figure 2-1.

Whore, as previously described,

P (Ru2, 2U)
co 2 1

and P (R, 2nuso 3

The inilial direction of HVT motion is then the angle C 0 21u 4 ,co 4

that is, the initial IIVT movement is adially away from the center of the

area. This move' -nt is indicated by the dashed line originating from

P in Fignre 2-1. The searcher, on the other hand, moves initially
C[O

toward th, center of the area in a direction equal to 9 21u 5 . It
so 5

should be noted that the angles 0 and " arc measured count crclocl;-
CO so

wise from the positive X-axis and do not, thberefore, corrtespond to the

usual East West, North-South orientation. Decoys, if not stationary, move

initially in a manner simitar to that uxhibitcd by thc IIVT. No furt her

I,5



y/

FIGURE 2-1 TYPICAL SEARCH IN\ITIATION SITUATION
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commetnt will be made ill this section regarding subsequent decoy inoverntent

for this aspect of the model formutlation will be discussed in the section

deal ing with the pecul i sl-i tics associated with search inl tlc decoy

f ic ld cnV toliot'lnnt

Control over the mlov(emelnt of the IIVT and the submarine is exercised

in two ways: by specifying, as a program input, the length of each track

segment; and automatically, by "ref lecting" cither the I[VT or the subtra-

rilne off the boundary of the ar~ca.

As ani il lus[trtion of these two procedures, consider that the length

(o.L the IR7T t:rack segnlen[ts has been specifiecd (i Oputtud) as a naxii tmtmi ot

L tnti. Then, using the situation depicted in the previous diagr-amt, if
c

"y ± L It i, the [[VT will move along the dashed linJe until eithelr a distalncC

1, f rom P is reached or the HIVT is detcteOd by the submarinc.
C CO

Fori tither condition: lIVT completes mtovement of L alni or I[VT at the

boundary of the area, a new direction of movenent is dcter•tined by calcu-

I at lg a1 tUrnilng allgl!, 0' , such that

0' 2ou (u a random number)

iti. ll(e flew ditl'ec tioll of mOvetleitt is thten

0 xx 00
new~ oldsub (,on. -i Out ,d 1 ad' 0 m

subject to the constraint that, if the IIVT is outside the ai'ea, 0 mUSt

te'sult in rieturning the IIVT to a posi itii within tlte area.

7
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It should be apparent from the foregoing discussion that the speed

of the t!'VT (and thle submiarine) is specif ied prior to beginning the model

run and is constant throughout the run.

Movement -f the submarine is accomplished in a manner exactly

similar to that described for the IIVT.

It should be noted that the effect of keeping the submarine within

the area boundary reflects an implicit assumption that the submarine

possesses perfect information concerning the size qnd location of the

-,carch area. If this were not the case, it would be necessary to overlay

the circular area with an area representative of the degree of submarine

intelligence information. Such a submarine area might be larger, smaller,

and/or offset from thle actual area.

2.4 Detection of the HVT and/or D

In each of the submodels, the detection capability of the submarine

against either the IilV or the decoy is described by a definite range

probability law or "cooki'. cutter." That is, for some range HD, the

probability of detection is

r D
p [Bet] D

0 r >R

where r is the range between the submarine and either the IIVT or the

decoy at the( 'nd of a particular time-step. In Ibhis regard, it is possible

for thVie ulbllavine to pass the IIVT or decoy with.in detection range durinutg



a time-stop without a detection being recorded if the range between the

final positions is sufficiently large. Again, judicious selection of the

time-step, keeping the possible relative speeds in mind, can serv.'e to

minimize this possibility.

In actual operation, a value of R may be specified for both the IIVT

and the decoy which reflects characteristics of the H1VT and decoy, the

various environmiental effects, and the other factors which determine

detectability of HVT and decoy. Obviously, one method of reflecting the

efficiency of the decoy in accurately impersonating the HVT is to make the

detection range of the decoy approach that of the WVT.

2.5 Input Parameters

In a slight departure fronm tile previous format of presenting only

the common features of the various submodels, all of the necessary input

parameters for each of the submodels are prescnted in Table 2-1. The

entries in Table 2-1 are so arranged as to present the common inputs

required and then the specific inputs required for each submodel. For

case of re!ferencc, the BASIC paramcter symbology for the various input

quantities is indicated in Table 2-1 rather than the more traditional

mathematical notations,

l.ccavse of the random aspLc•ts introeduced inito the mIodels, tile resusi t

f rom each of the submodels ore nmellnabl1e only to statistical int erpretaLtiono.

For, this reason, it is necessary to replicate the mode I reus its ianx t tines

I I I I I I I I I i9
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1111j iiI~i m ltiin hll inI IVT by ilim rumyI ll 1nnmi1m
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forechse ofopei'tional e end itionwh ich are lb h nvi.cst gned. 'Fi-;

numlber. of replications for the coit inliOus SCU('Uh. Withl tilt decoy0ý Sill)b-

model] must lbe limited to less tlhan, or at most 500,

All other entries in Table 2-1 are-ci .tlier se It mxii 1afatovy (it arte

discussed elsewheure in this technical note.

2.6 Subiaode I. Outputs,

Inl ech1 ea~se, the principal quantity measured is thec elapsed t11111 to

first detect ion at' the IIVT by t he submarine. S inee cltici. et On is chlarac-

terized by a der flute range probab i t~y law", first detect ion is equivalcuit

to first encounter, whe)lre enecounite(Ž1 occurs wheineviŽ 1'he11 range" betul seenI h

submarine anid the liVT is trs s than 50111' PiredeterminefiItd val tie

The output or' e. ch submiode I conisists then of the, s-LiI)Itlle man,

variance, and st andriad (lestat eon of the timoe to l' i t'st. tfietee.ý imion. )"(to' he

twoe co-ni iiuous search submode s , these volues(2 arc, mindit'at ed by the I IS IC

symbols: MIKANC , VARC , and STDFVC , respec:tivel1y . For' tie sprint ti di El

submile IC, tI ieOutIput £ ormiat tlies been m1odi1£ ed to prI'in t ou, nlk hCull I Iit les

'STAND)AlRl DEVIAT ION, 1 etc.



In computint, the sanp1IC Val'i a1cC , thlie tonsi . t-n t ist iimat or f ori' ul ati oil

for the population variance is used, that is:

M
S,=i • ('r -T

cr. T
N 1

where T is thie samiple, me1an( T and 8:" is the sumple varianlce

The output of the two continuous search sub-moduls also inicludes 1-01h

a fl requcucy count and a cullul ativc i Vcqucncy of occurrencu of f i rs t I C-

tuction as a £uncti.on of elapsed ti uti interval. Further, tihe output. of

the continuous scarch with the decoy subinodul includes ni listing of

speciftc times cif first encount.cr of the ItYT with the submarine for cach

of the replicuti.ons,

t 2



3. CONTINUOUS SEARCH - NO DE'COY SUJIMODIJE

This sublijodk01 ye presents i-lt' hasi c st1 LOuru 01'c in al If ti in' sýub-

model.is constructed to date_. As such, the inte~rnal struc:ijtur of 11hi,

submodel is exactlyx simlillar to tha t described inl tilt Precedintg stco-iu011

A single submarine searcher seeks a single H1VT withbin a delineated

obj octiive operatLing are ai. The two unhils iciwve ini a pseýudo-rand om maldtll' '

sta:ying wi thin tilh )) eo ctivire area at all ttimt' s * Each ea;se, Or rep Licat jot)

is, ter~minated at the ins-t ant o1' initiail subtuarine-iIYT elofi. 'd''ttn

The results obtained f rom exercising Thssubnode 1 foi- rang's o;f tie

var'ious input. paramieters- plsW ide tile base Iiuzc dat a Icl or vai uat *iig thew

t'tft't't iVeness of Various tact ical procedure~s , ACM etuplIovnn'nt pt)lie it'S

and combinations, of both.

A ty pi ('] examplie of' tilt ty-pe of lit)tion 0whil thI - -ii stlibinloduLe guiiw'' td

records, 'andc eva itates is (-;hmin ill Fig. 3-1.

Anl e Oflil o C til rSo 11t Ob)La i lied J.ron )IIxerc sinIIg Ilii s" ;l htim)dLti I

i s pI-esenteti ill lFig. 3-2.
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11. SPRINT/DRIFT SEARCH -NO DECOY SUIIMODE'L

This submodel d if lers from tile bas-eliInc subinode I in two pr'ilci pal

aIspects:, ijlt mlanner- inl whi.ch the motJ-on of thc su bmarine is reg 1 att'd

and the manner iii which detect ion of thte IIVT may occur.

As indicated in the title of this SUbmoI1dt' , the submarine emplo)1Ys

a tactic of first executing a hiigh s;peed sprint aind then a slowý ;peced

drift to atte~mpt dletection of the- IIVT. Thus, mot ion of the submo rine is

characterized by four input parameters: the sprint speed, thec sprinti.

period , thec drilt spe'ed , and thle drif t period. In thils manlner, the( single

length of bsubmarLIinei t rack segKMenIt (COURS ) Spe)CCif led in flit' hast' line sub-

model is replaced by two track Lengths equa .1 to (VSSP. SSP) and (VSDF DIl'P),

respective ly. (See, Table 2-1 for clef inition of s4ymbols, ) AL the end of

each of' tht'se track lengths , new, random hemadings are, determi ni'c for Lhei

SUbIimarine'. This proceidure is illusItrate[d iin tUe e'xamjple p)lot, of soUhlmiiriii

and iIVT movt'iiint prt'sei'nez inl 1Figure01-

Under actual conditions, a submarine is t'fie tiveY I "'acou~stica lixL bl-ind'' during tihe :;pr-int pe nlodt Thee miay, be is b~alct's, howt' c ', wheni

the speed sc'lected for the sprint tactic is mi(t So Mi."'gh aS- ii) compl4)t' t I

e l~imina;-te the dc ttctt ion capabilliby of the siubmalrine , especial ly if the'

submajrinle and the 1-BT should pass cl os' :tiav o1114 anoter lirti

t.'(1:,'' Ho pr.ov 5 1.1)11 ]ij toe uded in thile , obllodvl fo 111'511cii ing ;t suisso ti. to

1 6
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detection capability during tne sprint period although, in all runs to

date, this value has been set so low as to effectively precl&d", such

doetections.

Four programs are required to exercise this submodel. These programs

are: "SPRINT," "FILECR," "U1PDATE," and "STATICS." The last of these,

"STATICS," performs the statistical analysis of the results of the various

replications and prints the summary data.

The program, ISPRINT, comprises the main program of this submodel

and models all of the details of the search. As such, this program requires

specificatiorn of all of the initial input parameter values indicated in

Table 2-1. Prior to the execution of SPRINT, an independent subrouLinc,

LITBAL, must be called into the processor. This is accomplished by the

system command, "Get, LITBAL."

The two programs, "FILECR" and "UPDATE," are utility prog1.ims that

manipulate permanent. program data files. These programs were found to be

necessary in erder to safeguard against loss of accumulated data in the

ease of machine failure or program [interruption during lengthy program

execut ions7. The three parameters, "LUILE," "LREC," and "IP" are useid to

recover and res.tart program execution should it be interrupted. (LFILE';

is the BASIC symbol for "Iast File Updated," and LREC is the symbol for

"Last Rececrd Created.')

The output froim the SPRINT program is printed on magnetic- tape after

every 20th replication. This output is then available for (either

1,,,

I I I I I II iA



statistical analysis, using the STATIC program, and/or permanent storage

on magnetic tape using the UPDATE program.

An example of the results obtained from exercising this submodel

is presented in Figure 4-2.

19
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5. CONTINUOUS SFARCH - DECOY FIELD SUBMODEL

As the title implies, this submodel incorporates the effects on

searcher effectiveness due to the presence of decoys within a specified

area. This innovation requires several departures from the procedures

established for the baseline submodel 0

As before, the submodel includes a single submarine searcher and a

single HUTT. Due to limitations on computer core storage in the pres(,nt

time-share systum, the number of decoys must be restricted to five or

less. Increased capacity can be achieved through the use of utility

programs such as those described in the preceding section, but this has

not been done at this time.

Either stationary or moving decoys can be simulated through appro-

"priate specification of the decoy velocity, VDC(I). Because of some of

the computations involving VDC, however, this vajlue Calnnot be z(ero.

Therefore, the silati onlry decoy _It i 1)'eo.mtn1t (d h by making Vi)C very IIIa; 1]

albeit, positive.

The HeIL and the decoys are initially positioncd within the area:.;

the submarine searcher on the boundary. All of the units are- perim1itt ed

to move in the pseudo-random manner described before, subject to the

provision that no decoy may approach I e T[VT closer than (itIR + 1211)nmi,

(See Table 2-1 hor def1ili.ion ot sywbols.) This (-.' 4rainl insures

21



that the influence fields (dcteýction radii.) of the HVT and the decoys

shall never overlap. If the decoys are capable of movement, the IHVT is

aJlowed to move in an unrestricted manner and the decoys arc required to

remain clear of the HVT. Obviously, if the dcoys are considered to be

stationary, i.e., VDC is very small, this condition must be reversed.

If overlap should occur at the time of determination of initial positions,

the initial positions oT the decoys are adjusted so as to eliminate the

overlap.

If the submarine searcher comes within detection range of a decoy,

the submarine is considered to spend a period equivalent to TC hours

classifying the decoy. During this time, the submarine is precluded fix)n

making new detections on either the HVT or other decoys. The period TC

is also sometimes referred to as "decoy capture time" or decoy hold

time.'

During the period TC, the decoy continues to move in aceordance with

the appropriate pseudo-random procedures. The submarine searcher is

assumed to move in consonance with the decoy. The position of the deccy

at the end of the period TC is taken to be the ru-start position of the

submarine searcher.

To simulate submarine, memory of classified decoy locations, the

decoys are "turned off" by the model for a time TM fo] lowing the classi-

fication period, TC. This, permits the submarineý it) clear the Immediate

22
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area of the decoy. Obviously, the period TM should be made at least as

long as RaR/VS when specifying this input value.

If it should occur that the submarine is within detection range oa

two or more decoys at any given instant, the model assumes that the sub-

marine will investigate and classify the nearest decoy, ignoring the

others. If ever the HIRF is within range, the model assumes that it will

be detected and classified by the submarine without regard for whatcver

doeoys may also be present. As in all other cases, the instant of first

detection of the HYT by the submarine terminates the specific replication.

A typical example of the motion generated for the various units

within this submodel is presented in Figure 5-1. In this examplc, 4 6iecoys

are present within the objective area (Dl, D2, D3, and D4 in Figur'e 5-0)

along wit&h the HVT and submarine searcher.

An example of the type of results obtained from exercising this

submodel is shown in Figure 5-2.
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MODI 06/10/71.

O0iOO PfROtRAM MODI(INPUT,,OLTFL'T)
00110 DIMENSION TND(5).XD( 5) YD( 5) AN rr)( 5),IDNC5), COUH)( 5),
0~0120+ NOPD(5)
00130 DIMFNSION VD( 5)

00140 DIMENSI ON TDCVA(1000)
0 0150 DIMFNSION TDCOYCI00)
00160 DATA CO URD/ S .5. s. 5., 5. 5./
00170 DATA V/o1p.1,.
00180 Rz200.
00190 N I NJTm500
00200 IT(.T5=0
00210 Ipa~i
0 0220 IP2=5
00230 PRINT,*C*
00240 PRINT,*CVA RANDOM START IN AREA*
00250 PRINIT,*SLEB RANDOM START ON FOUNDARY*
910260 PRINTP*C*
00270 CALL 5FCQND(X)
0028~0 YwRANF(X)
00290 XX=0.
00300 PRINT,*FNTFR VC,VS.COURC,COURS.RO*
P10310 RFAl), VCP VSp CO URCP CO JRS, HO
00320 I=0
00330J PRINT,*ENTER NRFPLI*
0 0349J READ,NRF:PLI
00350 T!IMF2 0.
0 0360J HRS=0.
00370 NDF'COY=0
00380 TDELAY=(-9.*VS)/50...5.9
00390 KOUNT=O
00400 KOND=0
00410 KQNC=O
00420 PRINT, * COONTER, T FLASPE.DJ T ENCOUINI'FHt[*f
00430 202 CONTINUE
90(A440 INC=O
00450 INS=0
V10 460, TN C =0.
00470 TNSZO.
00490 HR5=0.

00500 TD=0.

00520 NOPS=O
00530 DO 2 1=,D~O
0 0540 NOPD(I)=0
00')50 1IiN(I)=0
oo560 rNf)( I)=0,
0 0570 2 C ON TI N U
0 05 R 0 2O0 CON T IN JF
00590 AN (r,=6. 2B 319*HANF'(XX)

A-2



MODI 06/10/71.

00600 RADLUS= R*RANF( XX)
00610 XC= R AI') IS* COS( AN GC)
00620 YC=RADUS* SIN(ANGC)
00630 ANGS= A. 28319* RANF(XX)
* 0640 RADUR
00650 XS--RAD*COS( AN GS)
00660 YS=HAD* SIN(ANCS)
00670 I F(NDFCOY. FQO.0) C(O TO 800
00680 DO 4 I--1,NDFCOY
00690 CALL INDCOY (AND( I ),XD( I ),YD( I ),XC,YC, X., YSXX, k, VC, Vb)
00700 TNDC I )=TNI)( 1 I.

00710 A CONNTINUE
00720 900 CONTINUIF
00730 DT=0. 5
07740 15 CONTINUE

00790 TIMEUTIME+f)T
00760 HRS=HHS+I)T
"00770 CALL LIT8AL(TNC,XC,YC,ANGCXNOW,YNOW.,INC,VC,COLIKC,(•,

00780+ NOPC' TDFLAY, TD)
00790 AC=XNOW
00R0 YC-YNOW
00810 CALL LITHAL(INS, XS, YS, ANGS, XNO V,YNOW, IN S, VS, COUR., XX,
00820+ NOPS. TDFLAY, ID)
00830 XS= XNO','
00840 YS--YNOV

0 08550 I F(NOPS. FO.2) (O TO 360
00860 1 F(NDECOY. FQ . 0) 0O TO 350
00870 DO 350 " =WNDECOY
0 08•O CALL. I.,IT-T.L( [ND( I),XD(I )YD (I ),ANGD(I ),XNO.,%,YNO., IDN(I),
00&90+ VD(I),COtJHD(I),XXNO P(I),TDFLAY,T')}

00900 XD(I )=XNOt%.
00910 Y D( I )YNO W
0 09"0 350 CONTINIIF

00930 CALL MFFT( VC, VS, XC, YC, XS, Y , I EN)
0 0 940/ IF(IFN. F(- I) 0cl TO too
00950 GO TO 300
00960 100 CONTINUF

00970 XOUNT=KOUNIT+
009PR KONC-KONC(" I

00990 TDCVA(KIONC)=HRS
0 1000 1PRINT=IPI*A0
PI1010 1 F( I PRINT.NF.KO LINT) 00 TO 1000
01V2 ( IPi:IP1+1
01030 PRINT 95,KOWNTHH"S, TIMF

010(A1 0 95 FORMAT(I10,2FI I.- 4/)
0 10501 1000 CONTINUF
0 1060 1 F(KOINT. F- .NNFPL ] ) GO TO 97

01070 ITA T=IP2* 10
* 1080 I F( I STAT.NY .X<OIINT) (,r) TO 1010
0 109 0 CALL T T ( Tf)CVA,'TDCOY,KONC,KON[, EXPI, VAR, I !] AT, VS)

I I I I I , , • -



MOr) 06/10/71.

01 100 C LL FE (TD)CVA,KONCISTIAT,NRFPLI,NINT, ITGT5)
0 1110 PRINT,*TIMF GT 5000*
01 120 PHINT, I TGT5
01 130 1P2=1P2+5
0 1 140 GO TO 202
0 1150 1010 CONTINUE
o I0 o co To 2oP.
01 170 300 CONTINUE
01 80 I F(NF)ECOY. Ec. 0) GO TO 15
01190 D0 361 I=INDECOY
0 120 CAILL MEET(VC, VS, XD( I ),YD( I ),XS YS, I EN)
01210 IF(IFN.FQ.1) rO TO 500
0 1220 31 CONTINUF
0 1230 I F (KO UN T. E(. NREPLI GO TO 97
0 1240 GO TO 15
01250 310 CONTINUE
0 1260 I F(NL PS. F. 1) GO TO 15
S1270 PRINT,*MFET D)FCOY*

0 280 PRINT; I,XD(1),YD(1)
01290 PRINIxsYS
0 1300 IKFFP=[
01310 NOPS=I
01320 NOPD(I)=2
01330 TD=0.
01340 • O TO 15
01350 360 CONTINUF
01360 NOPS=0
0 1370 NOPD(IKEEP)=0
01380 XS=XDOIKEEP)
01390 YS=YD(IKFFP)
0 1400 DO 370 I= 1,NDECOY
0 1410 TP(I .F,.IKIFFP) (O TO 370
0 1420 CALL MFFT( VC, VS, AD ), YD( I ), XSp YS, IFN)
01 4130 IF(IEN.FQ.I) ,;O TO 310
01440 370 CONTINUF

01450 IKF'FP-0
01460 GO TO I b
0 1470 99 CONTINUF
01480 500 PRINT ,*DECOY ENCOUNTERE[),,T ENCOUNTEHED*
01490 PRINT, Is.HRS
01500 98 CONTINUE
01510 KON D= KONID+ I

0 1520 TDCOY(KOND) =HRS
0 530 XOLUNT=KOUJNT+ I
) 1540 G0 TO 202

0 1590 97 CONTINUE

0 1560 IF(KOND. FQ.0) GO TO 504
01570 504 CONTINUE

0 1580 CALL TIC(TDCVAT'f)COYKONC, KOND,FXPT, VARNREPLI, VS)

0 1590 CALL. FRE( TDCVA, KONC, I STATj, N REPLI, N IN T, I TGTS)
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MODI 10,1.

0 lf,9) PRINTP*FRFQUE:NGE: GT 5000*
01610 PRINT,-I T(T5

A-5



0 1630 SLIRRO UTrINF STAT( TIMF, ICOL'T.FEANSTDFV, VAR)
0 1640 DIMENSION T'IMF(1000)
(A1650 SUM=o.
0 1660 DO 5 I=1,ICDUT
0 1670 '61IM= SLIM+ TIMF' I
0 16RO 5 CON T INUE
0 1690 FEAW=StIM/FLOAT(!ICOUT)
0 17910 VAR=O.
0 1710A DO 10 I=1.ICOUT
01720 VAR=VAR+C TIMF'(lI)-FFAN)**2
01730 10 CON TINU I I
0 1 740 VAR=VAR/FLOAT( I CO LT)
0 1750 STDFV=~S(RT( VAN)
0 17!A0 RETURN
0 1770 FN D

A -6



MOtJI 06/ý10/71.

0 1780 SURROUINF TlC( TDCVA, TDCOY9K ON C. ON DFXPT, VA, HNREPLI, VS)
01790 DIMENSION TDCVA(1000),TDCOY(100)
01 R00 PRINT,*NO OF RFPLICATIONS*
Q)1810 PRINT.PNREPLI
Oi820 TDLAY=(-9.*VS)/50.+5.9
01830 F (KOND. ED.0) rGO TO 10
0 1840 CALL STAT( TDCOY, -KONDMEAND, STEJFVD. VARD)
0 1850 FPR IN T.-MFAN D,S.TD FV DPVA RD

01860 10 CONTINUE
01870 PRINT,*MFANC, STDFVC, VARC.*I

0 1880 CALL STAT( TDCVA,-KONC,, FEANýC.STDFVC, VARC)
0 1690 PR I MT, FEANCP S TD FV C3, VAR C
01900 IF K<0N D.-E 0 -0) RETURN
0 1910 E-XPT=(P/C1.-P))*(TDLA.Y+MEAND)+TDLAY+MFANC
019291 TFRM1=P/((].-P)**2)
01930 T ' RM2=(TDLAY+MEAND.**Pj
0 19,140 T FRM 3= (P/ CI - P))* VAR D
01950 P kI NT, TFRM I TF RM2,pT FR M3
0 1960 VAR=TERM1*TFRMP+TFRM3+VARC
01970 RETURN

0 1980 FND

A -7



MOD[ 06/10/71.

01990 SUBROUTINE LITRAL(TN, XLAST, YLAST.,ALAST, XNO W,'YNO V, IND, V,
0 2000+ COURSF, XX,NOP, TDFLAY, TD)
02010 IF(NOP.EQO.) GO TO 30
02020 DT=.5
02030 Rn200.
02040 IF(IND.EU.0) GO TO 20
02050 FLEN= TN*DT* V
02060 IF'(FLEN.GT.COURSF) GO TO 20
02070 DX =(DT* V) *CO S(ALAST)
02080 DY-(DT*V)*SIN(ALAST)
02090 RNOW=S'SRT((DX+XLAST)**2÷(DY÷YLAST)**2)
02100 I F(RNOV. GT.R) GO TO 20
02110 XNOW=XLAST÷ DX
02120 YNOW=YLAST+DY
02130 GO TO 10
0 2140 30 CONTINUE
02150 XNOV'=XLAST
02160 YNOW=YLAST
92170 I F(TD.LE. TDELAY) GO TO 15
02180 PRINT,*LAST TD*
02-190 PRINTTD
02200 IEN-0
02210 NOP=2
02220 TDr=.
02230 ALAST-6.28319*RANF(XX)
02P40 IND=1
PI2250 TN=- I,
02260 PRINf,*T DELAY END*
02270 GO TO 15
022R0 15 TD" TD+DT
02290 PRINT,*TD*
02300 PRINT, TD
02310 00 TO 25
02320 20 CONTINUE
(12330 IND= 1
VJP 340) TN= I.•.

02350 ALPHA=6.28319*RANF(XX)
02360 PHY=ALPHA+ALAST
02370 PHY=AMOD(PHY, 6.28319)
02380 DX=(DT*V)*COS(PHY)
0239VI DY= (DT*V)*SIN(PHY)
02400 RNOWI=SQRT( (DX+XLAST)**2+(DY+YLAST)**2)
02410 I F( RNOV'. G T. R) GO TO 20
02420 ALAST=PHY
02430 XNO,'= XLAST+ DX
02440 YNO Dt': YLAST+ DY
0 2450 10 TN= TN+ 1.
02460 25 CONTINUE
02470 RETURN
02480 END

A-8
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MODI 61/1

02P490 SUBRO UTI N IN DCO Y(AN GDI.XD I YD IKC,,Y C X SpYS, XX9R, VCVS)

02500 5 CONTINUF

0510~ AN(GPIA. 283 19*RANF( XX)

042520 XDI=R*COS(ANGDI)
0 PS1 YDI=R*SIN(ANGDI)
0~2540 CALL MEET( VG,VS.PXD1,oYD1, XS,YS,-IFN)

VJ2550 IF(IEN.FEO.1) GO0 TO 5

V 2560 RETURN
0~2570 END

A--9



MOD! 06/10/71-

02580 SUBROUTINE MEET(VC,VS,XC,YC,XSYS,IEN)

02590 R0=60.
02600 RANGE=SORT( (XC-XS)**2+(YC-YS)**2)
02610 IF(RANGE.GT.RO) GO TO 10
02620 IEN-1
P0 2630 G0 TO 20
02640 10 I1 N=0
02650 20 CONTINUE
02660 RETURN
02670 END

A-10



MODI 06-/-4a/-~7 I

02680 SUBROUITINE FRFQEOTDCVA.,KONC.ISTAT,NHEPLI,NINT',ITGT5)
02690 DIMENSION TDCVACl0O).PIF'RF(500),TCOM(500)
02700 DIMENSION IFREC(500
02710 I'TGT5u0
02720 IF( ISTAT.LT-NREPL I) GO TO 5
02730 ISUM=NREPLI
02740 GO TO 6
02750 5 ISLIM=ISTAT
02760 6 TINT= 10.

0J2770 TMAXx0.02-780 DO 7 -=1,NINT
9J2790 IFREJ)-0
e2800 IFREC(J)0 I
02810 7 CONTINUE

*02820 DO 10 IuIvISUM

*02830 DO 20 J=1,NINT
02840 TCOMPA= FLOAT(J) *TIN T
02850 ipcTrDCVAC I ).GT. 5000.) GO TO 40
02860 IF(TDCVA(I).GT.TCOMPA) GO TO 20
02870 IFRE(J)=lFRF.(J)+1
02880 IF(TCOMPAeLT.TMAX) GO TO 10
02890 TMAX=TCOMPA
02900 SO TO 10
02910 40 ITOT5-tlTGT5+1

02920 S 0 TO 10
02930 90 CONTINUF
02940 10 CONTINUE
02950 IPz'l MA X /T I NT+ I
02960 DO JO 1=1,'IP
02970 TCOM(lI)=FLOAT( T.)*TINT
02980 30 CONTINUE
02P990 lFRFCCI)=IFRF(l)
03000 DO 1 10 1~--2,I1P
03010 IFRFC( I)= Ir'RF( I)+ I ERC( I-1)
03020 110 CONIINUF
03030 PRINT,*TIME INTERVAL, FRFOIJENCE*
03040 DO 100 T=1,IP

* 0311050 lF(IFREfl)-F@-0) rO TO !Pin
03060 PRINT 35,TCOMCI),IFRE(l),lFEIGE(1,
03070 35 FORMAiT(IH ,2XF,11.2,2110)
03080 100 CONTINUE
0 3090 R~ETUJRN
03100 FND
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Appendix B

PROGRAM LISTING FOR SPRINT/DRIFT SEARCHl -

NO DECOY SUBMODEL (SPRINT)

B--i



SPRINT 06/10/71.

0019( PROGRAM SPRINT(INPUTPOtUTPUT, TAPFI, TAPE2, TAPF3)
00110 CALL RETR([I5HTAPEI)
00120 CALL RETR(2,5HTAPE2)
00130 REWIND 3
00140, USF(LITBAL)
)0150 PRINT,*LAST FILE UPDATE?*
00160 READPLFILF
00170 PRINT,*LAST REC CREATED?:*
00180 READ,LREC
V)0190 PRINT,* VSSP, RDS, SPP?*
00200 READ, VSSP. RDS, SPP
00210 PR I NT, * VEDF, RDDo OFP?*
00 220 RFAD, VSDF, RDDj DFP
00230 PRINT,*SUB RANDOM STAkT IN AREA=I,ON BOUNDARYw2, WHICH?*
01)240 RFADISTART
00250 R=200.
00260 PRINT,*NO OF REPLICATIONS?*
00270 READNREPL.I
0 02,P0 PRINT,*VC, COURC?*
0o7 READ, VC, COURC
0 0300 XX=e.

00310 PRINT,*ENTER IP*
00320 READ,IP
00330 ICOPY=IP*20
00340 K=LFI LF
00350 KOUNT=LREC
00360 CALL SECCND(X)
00370 Y=RANF(X)
00380 220 CONTINUE
00390 AN(C= 6. 28319* RANt(XX)
00400 RADUS-R*RANF(XX)
00410 XC=-RADUS*CO S(AN CC)
00,•90 YC=RADUS* SIN(ANGC)
00430 ANrS= 6. 28319*RANF(XX)
00440 r-O TO (10,20), 1 START
00450 1 RA PUS= R*RANF ( XX)
0 04 0 GO TO 25
00470 20 RADUS=R
00480 25 CON1INUE
00490 X S= RADUS*CO S(ANGS)
00500 YS=RADUS*SI N(ANSS)
vi51 m si T=.5%

01520 T[ME=O.
00530 INC=0
00540 INS=0
00550 TNC=O.
00560 TNS=0.
00570 Y=RANF(XX)
00580 ISFSW=@
0 00590 IF(YGT..5) I SPSk- 1
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SPRINT 06/10/71.I

00600 CALL L I TAL(TNCXCYC, AN GCpXNOWYNO&, I NCj VC, COURC, XX,
00610+ DT. R)
00620 XC=XNOW
00630 Y(>'YNOW
00640 IF'(ISPSW.FQ.1) GO TO 30
006,50 TMSP=TIMF+flFP
00660 VS=VSDF
00670 COtiRS=VSDF*tJFP
0 0680 RU=RfDD
00690 (GO TO 35
00700 30 TMSP=TIMF+SPP
00710 VS=VSSP
00720 CO LR.S=VS.SP*SSP
00730 Hf)=DRfS
00740 39 INS=O
00750 TNSmO.
00760 150 C ON T INUE
0 07 70 CALL MOVS( TN5jpXS&YSP ANGSXNOWPYNOý., INS* VS" COURSo XXo
00780-4 DTTR)
00790 XS=XNOW
00800 YS=YNOW
0 081 0 DI ST=Sc)RT(C XC-XS)**2+(YC-YS)**2ý)
00820 IF(DIST.LF.RD) CO TO 100
008330 1 F(TM SP - FO.TI MF) C3O TO 110
00840 1 F( TM SP.'G T.-T 1MF) GO TO 120
00850 PRINlT,*FRRlVTM-SP.LE. TIMF*
09860 110 CONTINUE

00870 1IF( ISPSW. FQ.lI GO0 TO 130
00880 1IspsVWr
00890 TMSP=TI 1F4SPP
00900 VS=VSSP
00910 H D= 8D S
009PO GO0 TO 140
00930 130 CON T IN11UE
0094i0 1 SPS1"0
00950 TM.SP=TIMF+DFP
00960 'JS=VSDF
00970 CCOU8S-VbDF*DFP
00980 RDý RDD
00990 14~0 INS=0
01000 TNS=vO.
01010 1 P TIME=TFIME+DT
01020 Ci L. LITBAL( TN('# XCYCp ANGC.9 NOW, YNOWP INCo VCCOURC,-"XX-
V) V)30~ DT)R)
01040 XC=XNOW
01050 YCt-YNOW
0 1060 GO TO 150
0 1070 100 CONTINUEF
9,1 1,) ; 9 KOnlfT=(OUNT+ I
0 10901 WRJ TF( 3m160) KOU~NTp ýME.
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SPRINT 06/1 )/71.

011ion 160 FORMAT(I110, F20- 4)
oil110 IE(1<OUNT.LT. ICOPY) GO0 TO 2 20
0 1120 IF( I FFEC.NF..0) (;O TO 404
0 1130 RFWIInIO
0 1140 RFWINO 3
o 1 1 -o WRITF(1,413) XOUNT
0 11 1 iV 07 RFAD(3 1691) 1I3 TIMF
0 1170 IW(I.FQ.ROUINT) C.0 TO 406
0 1180 wR TF( 1 1 60) I,TIME
0 01190 GO TO0 407

*01200 406 WRITETCI,160) IT IM F
01210 ENDEILF I
0 1220 REA..!ND I
0123 CALL REPL(I.STAFI
0 1240 REWIND 3
0 1250 IRFC=KOINT
0 12e;O K=1
01I270 r0 TO 310
01280 404 CONTINUE
0 1290 r,0 TO (400,,1i00 K<

0 1300 2100 CONTINUE
0 1310 REWIND 1
0 139:!0 RF VIN D 2
0 1330 RFW I ND1 3
0 1340 VIRI TF(Pp413) KOUNT
0 135 0 HFfAD(I,413) NREC
01360 .413 FORMAT(110)
0 1370 IREC=O
01390 lF(NRF.C-EU.0) GO TO 600
0 1390 415 RFAD(l,160O) 1.1T IM F
0 1400 1 FC I F.0 - NRý-C) GO TO All
0 110 IRFC=IRFC+1
0 1420 WRITFC2,1AO) IRFC.-T IM V

0 1430 GO TO 415
01440 411 !REC=IRFC+l
0 1450 WH I'IF(2, 160) I REC#TIMF.
0 1460 600 RF4D(3p160) 1,TIME 42
0 1470 1IF( IREC. EG.KOtJNT) 60 TO42

0 1480 1IF( I. EQ.KOUNT) GO TO 420
0 1490 IRFC=IRFC.I
0 01500 WHITE(2.,160) 1 RFC, TIMF

0 01520 4I20 1 H)C= I RFC4I
(11530 W\RI TE 2o1 60) I RFCp T IME
0 1540 ENDEILE P
01550 HEWIND) 2

01560 CPLL. RVPL (P, 5HTAPFP2.)
911570 K=?.

015b0 REWIND I
0 1590 REWIND 2
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SPRINT 06/10/71.

0 1600 REWIND 3
0 1610 GO TO 310
0 1620 410 CONTINLIE
0 1630 RFWIND I
0 1640 REWIND 2
0 1650 RFK'IND 3
0 1660 WRITE(I, 1I3) XOULN T
0 1670 READ(2,413) NREC
0 1680 IRFC:O
9 1690 IF(NREC.E Q. 0) GO TO 605
0 1700 610 RFAD(2,160) I, TIME
0 1710 IF(IFEO.NRFC) GO TO 615
0 1720 IRFC=IREC+1
01730 W'PITE. Ia160) IREC,TIMF
0 1740 GO TO 610
0 1750 615 IECG=IREC÷I
01'760 WRITF( I P1 60) IRECTIME
0 1770 605 READ(3, 160) I,TIME
011780- F IE HEC.E FQ.KOUNT) GO TO 620
0 1790 I F( I • EO.KOUNT) GO TO 620
0 1800 IRFC=IREC+-
01810 WRITE(1,160) IRECTIME
0 1820 GO TO 605
0 1830 620 IREC=IRFC+÷
0 1840 WRI TE( 1, 160) IRFC, TIME
0 1850 ENDFILE 1
011860 REW:IND I
0 1870 CALL RFFL( I, SHTAPE1I)
01880 K=l
01890 RFWIND I
0 1900 REWIND 2.
O 1910 REWIND 3
0 1920 GO TO 310
01930 310 PRIN'F,*LAST REC CRFATED,LAST FILE CREATED*
0 1940 PRINT,pKOUNTK
01950 IF(KOUNT.FU.NREPLI) 60 TO 300
0 1960 P--IP+÷
0 1970 PRINT,*NEXT IP IS*

9'31980 PRINT;IP
0 1990 ICOPY= IP*20
0 2000 GO TO 220
02010 300 CONTINUF
02020 IP:IP+I
02030 PRINT,*NFXT IP IS*
02040 PRI NT, IP 

4* 02050 FND
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SPRINT 06/10/71-

0 2069 SUB~ROUTINE MOVS( TNsXL AST, YLAST. ALAS TXNOWPYNOlPiIN DAV

02070+ COURSEoXX,DTR)
02080 IF( IND* EQ.0) GO TO 20

0?090 11 X =F)T * V* COS (AL.A ST)
02100 DY=DT'*V*SIN(ALAST)
02110 RNOW=SQRTC((DX+XLAST)**2+(DY+YLAST)**

2/

02120 1 F( RNO W.('T. H) GO TO 20

02130 XNOW=XLAST+DX
02140 YNOW=YLAST+DY
02.1.5 GO TO 10
02160 20 CO()N T I NE
02170 IND~1

02 190 ALPHA=6.2R319*RANF(XX)
O2190 PHY=ALPHA+ALAST
0221~0 PHY=AMOD(PHY,6.2831

9'

02LiO n fX =DT * V *COS ( PHY )
02220 flY=fT*V*SIN(PHY5
02230 HNOIA%-SORT( (DXXLAST)**2+ C IY+YL.AST) **

2 )

0 2240 1IF(RNOW. GT. R) GO TO 20

* 02250 AL/AST=P1-Y
02260 XNOW=XLAST+DX
02270 YNOW=YLAST+DY
0 022891 10 CONTINUE
02290 TNrTN41.
02300 RF.TURN

02010 FND
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0 19D D MROUTINF L ITRAL cTN, XLAST, YLASTMALAS'-TXNO WYNO W.1IN Di VACOURSE,.AA
00120 IF( IN D.F0.0) 0O T 0 2
003 FLFN= TN* DT* V
00140 II(FLFN.0T.COURSF) GO0 TO 20
0 0 5 DX= CF;T* V) *CO S (ALA S T

* 00160 flY=(DT*V)'*SlN(ALAST)
00170 YPNOý'ý-'ORT((DX+)(LAST')**2+(DY+YLAST)**2)
i0I01H IF(FNOW.GT.R) GO TO 90
00190 XNO WzXL.A ST+ DX

* 002003 YNO Wm YIA ST+ DY
0210 rO TO 10

0 O220 '2 CONTINUE1
0 0230 INF)=I
00240 TN= I
0 OP50 ALPHA 6. 28319* FiNF'( XX)
00260 PHY-tALPHA+ALAST
0OP70 HHY=AMiOD(PH-Y.6.28319)
0 02801 DX=(DT*V)*COS(PHY)
0 OP90 flY= (DT*V) *SIN (PHY)
0 30 RNOW)=SORT((OX+XLAST)**2+(DY+YLAST)**2)
003~10 1 F (RN~OW.GT. R) 0 01T0 20
0~0320~ ALA!31=PHY
0~0330 )N 0 V=X L AS T+ DX
0034~0 Y N 0 VYL AS T + Y
00350 10 TN= TN+ I

V)0300 RETUR~N
00370 FN 1
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STATICS 06/10,"71.

00100 PROGRAM STATICS( INPIUTOUTP.T, TAPFA, TAPE,5
00110÷ TAPE6, TAPF7, TAPER, TAPE9, TAPEI0, TAPEI I, TAPE12)
00120 13 CONTINUE
00130 PRINT,3 ENTFR FILE NO*
00140 HFAD, K
00150 GO TO (3,33,4p5.,6v7,8,9u 10, I1, 12),K
00160 3 CONTINUE
00170 PRINTP*FRR-FILE NOT USE' #TRY AGAIN*
00180 f8,O TO 13
00190 4 NAME=5HTAPF4
02O0 GO TO 14

00210 5 NAME=5HTAPE5
0 029_0 GO TO 14
0OP.30 6 NAME-5HTAPE6
00240 GO TO 14
00250 7 NAME=5HTAPE7
00260 GO lTO 14
00270 8 NAMF= 5HTAPFB
00280 GO TO I4
00290 9 NAME= 5HTAPE9
00300 GO TO 14
00310 10 NAME=6HTAPFIO
0 0320 GO TO 14
00330 II NAME=6HTAPE I I
0 0340 GO TO 14

00350 12 NAME=61iTAPEI2

00360 SO TO 14

00370 14 CONTINUE:
0 0380 CALL RETR(KNAMF)
00390 REWIND K
0 00400 READ(Kp 55)KOUNT
00410 55 FORMAT(I10)
0 0420 I F(VnUNT.NE,. ) cO TO 20
00V430 PRINTP*O REC ON FILE )(,TRY AGAIN,
00440 GO '10 13
o0 V 2gP, 0 CONTINIJF
00460 SUM= 0.
00470 50 READ(K,30) I,TiME'
00480 30 FORMAT( I 10-•,E20.4)
0 1749 0 SUM= SUM+ TIME

P050 1F(1 -NF KOUNT) CO0 TO 50
00510 I SUM= I
00520 I F( I SLJM. EOOULINT) GO TO 60
00530 PRINT,*FRROR-KOtUNT NOT MATCH LAST RFC NO*
00540 60 PRINT., * I SUM, SIJM*
(00550 PRINT, I SUM, SUM
00560 FEAN' SUM/FLOAT( I SHM)

00570 REWIND K
0J 05[-;{ SIJM2 0-

00590 80 RFA[)(K 30) 1,TIME
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STATICS 06/10/71-

00600 X=( TIME-F'EAN)**2
00610 St IM=S I.JM+ X4
00620 IF( I NF.KOUNT) GO TO 80
00630b GO TO 70
050640 70) \JAR=SUIM/F IAT(ISUM)
00650 STAN=SORTCVAFR
00660 PRINT,*SAMHLE SIZF IS*
00C67&0 PRTNTPISUM
0~0690 PRINTý,*MEAN, STANnARD DF.VIATION, VARIAiNC1*
00690 PRINTPFFANPSTCAN,VAK
00700 RFTTURN
00710 END

B -9



UPDATE 06/10/71-

Su 100 PROGRAM UPDAThCINPULTjOUTPUTTAPEI,TAPE2, TAPE3.
00110+ TAPF, TAPES,TAPE:6,*TAPFETAPES, TAPE9)
00120 2 CONTINUE
00130 PRINT.*THIS IS DATA FILE UPDATE*
00140 PRXNT,*ENTER FILE NO*
00150 READ 1FILE
0 0160 PRINTo*ENTER.X AND KOUNT, K=l OR 2 FOR FILE TAPEI OR TAPE2*
00170 •RINT,**KOUNT=NUflBER OF RECORDS TO BE INSERTED*
00180 READ, K, KO LN T
00190 CALL RETPC 'A p, 5H TAPE I)
00200 CALL RETR(C, 5HTAPE2)
00210 GO TO (1j,,1 4, 5, 6, 7)p IFILE
00220 1 PR/NT.,*EROR-IFILE LESS THAN -4TRY AGAIN*
00230 9RINT, I FILE
00240 GO TO 2
00250 4 NAME.SnTAPE4
00260 GO TO 68
00270 5 NAM-=5HTAPE5
0 0280 GO TO "o
00290 6 NAME=s'HTAPF6
00300 GO TO 8E
00310 7 NAME= 5HTAPE7
0 0320 GO TO 80
00330 8 NAr7= 5HTAPES

0 0 34 0 GO TO 89
00350 9 NAMe= 5HTAPE9
00360 GO TO 88
00370 83 CALL RF TR( I F LF, NAME)
R 0,3;0 RFWN0 IFILE
910390 REVIND I
.0400 REWIND 2
P)I R0 F 10HWIN. 3
t 0 420 120 CONTINUE
00'430 RFAD(IFILF, 10•) ILAST
...(A 40 PRINT, ILAST
A (•450 I F(ILAST. FO.0 ) GO TO F388
00460 101 FONMAT(110)
"00470 NREC=<KOUNT+ILAST
00480 WRITE(3, 10 1) NRFC
00490 PRINTNRFC
9 051•!5 I COUIN=
00510 150 CONTINUF
100520 READcIFILE,100) ITIME

0 530 100 FORMAT( I 10, K20. 4)
00540 1 F( I COUN. E(. ILAST) GO TO 110
"00550 WRITE(3pl00) ITIMF

05609 ICOUN= I COUN+ i
0 0570 (0 TO 130
00580 110 .R I TF (3, 100) I COUN, TIME
00590 I COUN= ILA.T+ 1

B-10
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UPDATE 06/10/71.

00600 150 REWIND K
00610 READ(K, 181) I

00620 151 CONTINUE
00630 READ(K,100) ITIME
@0640 WRITE(3, 100) ICOUN, TIME
00650 IF(ICOLJN.EO.NRFC) GO fO 140
00660 ICOUN-ICOUN÷
00670 GO TO 151
00680 140 WNRITE(3. 100) ICOUN, TIME
00690 ENDFILE 3
00700 RFWIND 3
@013-10 REWIND IFILE
00720 REAP(3,l01) NRFC
00730 WRI'TE( I FILE, 101) NREC
00740 2-0 READ(3, 100) ICOUN, TIME
00750 IF(ICOUN.E@.NREC) GO TO 230
00760 WRITE(IFILE, 100) I COUN, TIME
00770 GO TO 240
00780 230 WRITE(IFILE, 100) ICOUN, TIME

00790 ENDFILE IFILE
00800 REWIND IFILE
00810 CALL REPL(I FILE, NAME)
00990 PRINT,*F'ILE UPDATF ISjLAST REC CREATED IS*

00830 PRINT, I FILE, I COLI4
00840 GO TO 99
00850 888 CONTINUE
00860 REWIND IFILE
00870 NREC-KOI'9T
@0880 WRITF(IFILE, 101) NREC
00890 RFAD(K,725) KOLwT
00900 725 FO RMAT(I10)
00910 ICOUN= I

0092e 210 CONTINUE
00930 READ(KsI00) ITIME
0 09 4o0 IF ( I .0f.KOUNT) GO TO 200
00950 I F( I COUN. E. KOUNT) G0 TO 200
00960 WRITE(IFILF,100) I COUN, TIME
0 0970 I COLIN= I COUJN+ 1
00980 GO 10 210
00990 200 WRITE(IFILE,100) ICOUN, TIME
0 1000 PRINT;.*FILF UPDATE S;rLAST REC CREATED+
01010 PRINT, ! FILE, I COLUN
01020 FNDFILE IFILF
01030 HFý,'IND IFILE
0 1040 CALl. RFPL(IFILE,NAME)
01050 99 CONTINUF
S10691 END

B-lI
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FILECR 06/10/71.

00100 PROGRAM FILECR(INPUT,OUTPUT,TAPFETAPFE2,
00110+ TAPE6,TAPE7,TAPE*TAPE9,TAPFIOTAPFIITAPElI2)
00190 DO 100 I=4•12I

00130 GO TO ( 4, 4, 4,4 , 5, 6, 7 ,p 93 10, 1 , 12), 1
00140 4 NAME=5HTAPEI
00150 1FILE=I
00160 GO TO 110
00170 5 NAME-"5HTAPE2
00180 IFILE=2
00190 GO TO 110
00200 6 NAME=5HTAPE6
00210 IFILE=6
09,220 GO TO 110
00230 7 NAME=5HTAPF7
00240 IFILF=7
00250 .'0 TO 110
00260 8 NAMF=5HTAPF8
00270 IFILE,8S
00280> GO TO 110

00290 9 NAME-5HTAPE9
00300 I FIt..EFr 9
00310 GO TO 110
00320 10 NAME=6HTAPEIO
00330 IFILF=10
00340 GO TO 110
00350 11 NAME=6HTAPEII
00360 IFILF=II
00370 GO TO 110
00380 12 NAME-6HTAPEI2
00390 IFILF=I2
00400 110 CONTINUE
00410 REH.IND IFILE
0 Ozi20 I CO UN=O
00430) 11=1

S00440 TIMF--,.
00450 V WRITF(IFILE',30) ICOtIN
00460 30 FORMAT(110)
00470 VRITE(IFIL.F,35) II TIME
00480' 35 FORMAT(IIO, FPO. 4)
0 0490 ENDF'I LF IFILE
00500 RF,'I ND IFILE
00510 100 CON I' NLIF
0052P FND
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Appendix C

PROGRAM LISTING FOR CONTINUOUS SEARCH -

DECOY FIEID SUBMODEL (MOD 3)
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NIDD3 06/11/71.

0 1190 PROC',AM NODjL3( I NPHI-JTOUTPILT, 1 APF li TAFFPF)
00110 r)I MEN.)I ON TN (5, f(r)#r(5,N D ), Nr( ) O R (5
00120 DIMENSION NOF)( 5).,I1CHASD( 5), VDC( 5)
00130 DIMENSION Tr)CVA(500),TD)COY(500),KFr.(500)
001-110 DIMENSION VD ( 5)
00150 DIMENSION DTMON<5)
00160 DIMENSION I AR (5)
00170 PRIN)T,*FNTFR NO OF DECOYS*
00190 RF'AD,NF)FCOY
00190 DO 2000 NI=l,NDFECOY
00200 PRINT 2010,NI
0 02 10 2010 FORMAT( lH i *ENTER FOR DE-COY NO*,I1P2A2, COURD, VD*)
q A220 HFAP, COIJRD(NI ), VD(N I
002?30 2000 CONTINUF
002140 HRINT,*ENTER VCVS,COURC,COUNkS*
020 opkoNA), vC, VS, fljiiýC, COURS

00260 )-r'NT,*ENTKR lc, TMj HR, [f21ý*
0 2 70 fREAD, TC, TM, R IR, k2R

V 0 PI-~~NT,*FNTER NO OF REPLICffVIONSCNOT 10 EX.CEED 500)*
0 q290 RFA D,N R FPL.I
0 M30 0 N IN1T= 500
00310 1ITGT5=0
0 )32(0 P I= I
00330 IP2=5
(10340 H=200.
(A q:50 PK-I N T.,* C
0 1360 HPlNT,*rVA, DECOYS RANDO)M 'START IN ArýFIV*
0 013 70 PRINT,*StIR RANDOM START ON HCLINDAiPY*
0 03810 tHRINl,*C*
0 0390 F iRI NT, * COL'NTF R TIME FNCO'NTERVD*
00 400 CALL S FCONP X)
0 0410 Y=HANE(X)
001420 xxf0.
004,30 TIMF=0.
0 (A4 40 HkS=0.
(A1)/A')0 0 UI.NT =0
0 0 4~( 'l 0 OND=0
0 ý 147 0 R0 N C= 0

o A H0 15 CONTINUE
ul pll)0 nn 6AP TDY=1. NDEC0Y

50 05 V TMON ( IDY) =0.
0 051 0~ 6(62 CONTI NUE-
0 A 50 T I M F0.
10 t,3 0 HRS=O.
n n5 4r, INC=O
001,90 INS=0
0 n5 60 TN C= 0.
p m 97o 'rS= 0.
V)0 1;F0 I CHf0S= 0
0 0 59l D F".97. + 17./,0.)
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m o n3 06/ 1 / 71.

n ) <O 0 DO P I~l1,NDF.COY

910620~ TN)( I )=OA
00(AC,30 I (HASfD(l1 40
006-116)~ 2 CONTINUr
00650 P(~n CONTINUIF
(1)06A M AN P C.= 6. 28 3 19 * kAN F XX)
00f670 RADUS=R*HANF(XX)
006830 XC= RADIJS* COS( AN G()
0 0690 YC R AD IJS* SIN(AN CC)
0 V) 70 TNC=I'NC+l.
00(710~ ANO5--6. ?i3319* RANF( XX)
(0 072 0 RAD=R
00730 X b= AD* CO S(AN (-S)
,:.', ) 7 A YS= RAD* SIN (Nr.S)

r)07(,0 INC= I
00770 IN S=I
00)780 IF'CNDEC0Y.FEU.0) C-0 TO goo(

(A07 9 0 DO 4 I=1,.NDECOY
00(800 CA~LL. I NDCO Y (AN G0[( I),XLDIY DCIX C, YC, X SF y s
n, 08 0+ XX, R.VD,( I ), V!3, VC)

(A V ý3 3 TND(I)=TN()I

V, O 40 CONTINIJF
OR'J's 50 00 CONTINUF

0OR0 HRS-HHS+DT

0 0920+ VJC, CO URC, XX, Vv,, V~,VD, X[), Yn, I C,,N[DFGOYP
0 0~9 3(+XC, YC)

21050YC=YNOW
111,9610 1 F( I C11ASS. FW. (A) C,0 TO 3 0 0
P 09 7( 1 F( STMON. NF'.T[IN1) (0TO 35
0 0 9 8 0 DO 3 101 I= lNDFCOY
:1 09 9( TF(Y(rHA!ýflT).F0.1) (2 TO 2315
M 1000( 310A GONTINUF
(A 10 1 P PIN'T,*FH-.RRFNcOnMTv~kFi)DFOCOY NOT TURNEI) ON*
0 (A1(20 PRINT 3,1
(Al1030A 3 FORMAT(11(A)
0 ICAV) A0 C0 1O0C020
oA 10 50 315 XS')--X[CI)
0,1060 YL-YD(l)
0 1070 IN~5-t.
V, 10F0 ANWý=(.2F'19*HANF'(XX)
901 990 1 N~l=



M 0D3 06/11/71,

01100 ICHASSwO
o111 Go To 00320
v0x12q 300 CONTINUE
0ý1 130 1cc88
0 1140 CALL. LI TBAL( TNS, XS, YS# NGS, XNOWVYNOWi,IN-90VSt
0 1150.+ COURS.,XX.,VCp VS, VI)CXD.YD, IC,NOECOYj,

0 1170 X SvXNO V
0 1189) YS=YNOW
0119r0 GO TO 00320
01200 305 IF(TIME.LT.STMON) GO TO 32-0
01210 GO0 TO 00300
MIP20 320 CONTINUE
01230 1IECNDFCOY ED. 0) GO TO 370
0 12140 DO 330 I~laNDECOY
01250 IF(1CHASlO(I).'EU.1) GO TO 331
0 1260 IFCTIME.LT.DTMON(I)) GO TO 330
01270 IF7TIME.EO.DTMONCI3) GO TO 330
01960 350 CONTINUIE
p'12I90 I0=1
0 1300 CALL LI TBAL( TND(I )),XD( I ) aYD( IANGU)( IXNO WYNOWP
01310+ IND( I ,VD I ), COURD( I)XX VCVSP VDCP X0~,'YD,
O 1320+ICpNDECOY,*XCYC)
01330 XD(I)=XNOW
0 13140 YD( I )YNO W
0 1350 S 0 TO 00330
0 1360 331 CONTINUE
0)1370 IF(TIMF.LT-i)TMON(l)) GO0 TO 350
0 1380 IFCTIMF@FQ*DTMON(I)) GO0 TO 3145
0)1390 1FU(TIME-DTMON(I))LT-DT) GO TO 3142
V011400 PR-INT, *FRR- ICHASD= IsDTMON. LT. TIMF*
0 11,11 PRINT, TIME, DTMON( I), I
011420 ICHASD(T)=0
011430 ('-0 TO 00330
0 114140 3 A 2 CON TI N U
011450 ICHASD(I)=O
n 1 460 ICHASS=O
P 1 /47() rTMfn\( I )=rTMON( I +TM

011490 YS=Yr)(I)
')()9~ I N !ý=
5 161G TN S=2.

0 1520 AN rS= 6.P8 319 *4N P CX X)
0 1 ý,30 or Tn 9020P
7191540 3145 CONTINUF
V)1550 ICHASD(I)=0
0 56 DTMON(I )FTMON(CI) 4-TM
011 1 7 CHASS=0
01590 XS=X[!CI )
V)1990 YS=~yl)(I )

C--4



r)D r), ,/l 1/71.

0 1600 AN,-- 6. 3 !9'-19-kANF(X,)
0 1(10 1 NS=I
01 6t 0 TNS=P.
O 1630 (0 TO 00330
01 6,Z, 3310 Cr NT I I IF
0 ]150 3770 CONTINIJF
(A 1 6 f, 0 P.O W CONTIN1,F

0 1-,670 CALL. MFFT( VC., VS, XC, YC, XS, Y S, I WN)
0.1 Tý80 IF(IFN.EO. I) CO TO 100

M 69,0 GO TO 00390

11 170( 390 CONTINUF
S171 0 !F(ICHA!ý!.'S. EG. 1) GO TO 2C2

71 VP I F(NDF(OY. FC. V.) r-0 TO 202

0 173 Q I 4S\VF=F
n 1740 1Y0 ) ' I- I,N[)FCOY
0 1750 IF(ICHASD()•F,'.F1) n0 0 0 2T 2

(1 7An I F( TIMF.L.E. DTMON(I)) CI O TO 4140
9 1770 C ALL MEFT( VDC( I), V.', XD( I), Y1)( I), XS, YS, I IN)

01 780 1 F( I FN. FO.) -O o 44o 0

0 1790 )I ,SM CH,( X( I)- IXS)*22+ (YD (I )- YS)** 2)
018 0 • I sAVF= T
M 1810 440 CON TI N LIlF

0 18 20 I 1 SAV. FfO..0) 0O TO 202
0 1830 Do 450 I=1INLFCOY

SIR4O I F( I . EP. I SAVE) GO TO 450

01050 IF( TIMF.LF. DTMON( I )) 0 TO 4504
0 1 f8(,(,) (!,LL ME FT(VUC(I ), Vb pXD I), YD((II YD IY I5 EN)

0 1 !0 I7 ( I EN. .0 ) 0O To 450

V i D3o PI S =SQR]'( ( Xl)o I -XS **2+( Y*U++yP, I y- YS)*.
(1 I890 I F1)i S. rPT. D[I SM C0 TO A5 D
0 19 0'n E'I M=DIS
0 191 A I -)VF"--- I
0. 19po 4450 CONTIN IIF
0 19 3,l DlTMnN ( IT AVF) = TI MF +C
0 194,9 I HASD(I SAVF) = 1
0 1950 STMCN= TI NMF-TC
0 1960 1CH S,= I

0 197 ( 00 TO 04$,60
1I I? n 1. ol KOUNIT=KO UNT+ 1

( 1990 KOi'C=kONC+ 1
, 2 .0"1, ', 1q *D:AA( KONC)- H R

m p Ir8l f PPINT=IP1 i I

0 2020 1 F( I PRINT.NF. -OIINT) (O TO 1000

n2PO4 PRINT 95,ROLUNT,IDCVA ( KONC)
0 28 C.0 95 VORMAT ( I 10,l F 1i4)
02P060 kI TF( 1,95) KO UNI, 11) CV( KONC) , T I M F
0 100 7 I0 1000 CONTI NUF
0{•90F I F<(KO'NT. FU.N Fk.I ) F.T G TO 97
02M490 1S TAT:z I P2,* 1 V

V_ __ _ _ _ _ __ ___--_



M003 00/1 1/71.

M0P100 IF'( ISTAT. NF.KOINT) 00TO 1010
(-21 I10 CALL STAT( T1JCVA, KONC, FFANC, STf)FVC.o, VAHC)
02'-'120 PRINT,*MEANC, STDFVG, VARC*
02P130) PRINI", FF tANCp ,rSTOEV, VA8'-C
(72P1 40 CALL FE( TDCVA, KONrJ, ISTAT, N iFPL I ,N IN Ti-ITGT5)
02150 PRINT, *Fh'FOUFNrY r-T 5ooo.-n r
0 P1 60 PRINT~ITrP15
021'I70 IFCI<ONU.E0.0) GO TO 15
02180 CALL FREOCTDCOY, KOND, KOND, KOND, NIN To ITGTS)
029190V PRINT,*FRF~t)F.NCY GT r5000.-DFCOY*
O2200 PRINT, I TGT
022 10 IP2=IPC+5
0 22PP0 r00 TO 15
02230 460 CON T INUF
0 22/0 XOND=<ONn+1
0 22 r f TDCOY(KOND)=HiýS
0 2260 KPD(<ONI))=ROUNi+ I
02P70 GO TO 00202
02280 1010 CONTINUE
02290 r,0 TO 15
02300) 97' CONTINUE
0 23 19 CALL STATC T!CVA,KONC, FEANG, STDFVC, VARC)
02320 PliINTr,*MFANC., STIOF1VC, VAHC*
02330 PRINTI 76, FFANC.,STDE)VC', VAhC
023-110 176 FOHMATC 3FI I. A)
02350 CALL FRFP0CTDCVA1 KONC, 1 STAT,NkFPLI PNINT, I IGT5)
0 23F o H 71FRNT,*FRFOLJFNCY rl 5000.-CVA*
02370 HHINTITGT5
r2380 r0 TO 999
P pI q0 IF(KlONt)-F('.0) f0.0 TO )999
r' 2/210r CALL F'ýHEC(M rnCOY, KONI),KONID,KONP.NiNTr, I TOTS5)
0 P41I PPINT, *FKF(0IjFNCY (-T 5902.--DIKCOY*
02/4PO HR INT,I TCT 5
0 2 430 IF(KONfn.FP.0) r-f TOI' 999

P24/40 CALL. STAT( TDCOY, KON D, F FAN), S TDF.VDp VA R!)
0 11 1A,1 0 PRIN'l, *Mf. AND IjSDE*Vfp VAk[)*
n P4(41 HkN1176., FFANF),TDFVl, VAi-<D
VW) 91170 999 CO.NTINI'.IF
(2 01,RV0 III cnNTINIJF
9P/490 FNF)

C -6



/ in

I (, ýi!JRHOIITINF ST"AT(TIMF, ICOUT, FrAN, STD FV, V/Hm)
(3P1PDIR bMMNSION, l[ mF (. 500,)

0 P2530 D)O 5 I -,ICO1rT
'M= S U- +sTN÷I M CTI

P255 50 CONTINU'
, P2560 FEAN-SUM/tLOI'COtII)
OP970 VAR-=-.
9I 5 5i DO 0 I=I , ICOl'T0 P 5,9 P, VAR'= VARe+ ( T I ,,•p• M F( I FFUANe 2. 

4 • 1• CI• [l

~2#c~cj ~ CONT IN I IF
tl ' If• VAR= VA ý/ FLO0AT ( I CO t I )

(1 26 ? STDr.V= bGkT(VAk)
t23 P-3r HRTTJRN
0rP) 26.4 FND

A A - 1.D " C O P Y .i

/C-7



Mc~~~01,/ • 1/171- .

0265M SUPROUTINIF LITRAL(N, XLA S',YLASTL,4STXNO.,YNO W.INIs
0 p.A((0+ \J, COURSF, XX, VC, VS, VDC, XP, Y), IC,NI)ECOY,
.2670+ XC,YC)
0268o )DIMFNSION DYMR(5),SUMR(5)

p2690o DIMENSION Xi)(5),YDC5)..DC(5)

0 270 0 T=. 5

0 2720 IF( IC. E,'-0) O TO 20
P2730 I F( IC. F.8 8) rO TO 30

OP740 I F( I COLE. Nf)ECOY) Go TO 25
P.275 0 PHINT,*EHR, IC INCORXECIT*

0P760 HRINT, IC
P 770 HEI'IIRN

', 7RO PO CONTINUE
P. 79 IF(IN .D EC. 0) C-0 TO 15

0 --)fR rALL XYNOI '(TN, PT, V, XLA.T, YLA-T, COURSF, ALASi, h,
0 PP;10+ XNO:, YNOW, IND, ANOV, IN(A)
02020 .145 DO 4(0 I= I,NDFCOY
0 12P3 0 DYMR( I )=SORT( (XD( I )-XNO l).**2+ (YD( ) YNO w)** 2)

29 f0 HCS= R2R
"~~VF . • S r P VDC I)

Sri 2 ýj{ SUMIM (. P : C,+ R I H<

0287n I F(DYR( I ) • LE. SUM(I )) I C) TO 35
(0 'l /19 CONTINIJF
0 '?H90 I F( IANG. EU. 0) c0-) TO 999
,C, 910 ALW5T=ANOV
•P9 I IAN(--n
0"920 GO TO 999
4 ? Q 3 0 35 I N!.)= 0
nP9 40 15 CALl NHHY(UX., X, V, II, XIAT, YISALA ,,NOW,
0 - 9 5 P. XNO V, YN'n k , I AN G)

S.29611 TN=2.
P P97V 1 N = 1
S298g 1 AN I'= I

), 9R99I , O T-O 45
3C;C -5 CONTINUF

C p 3 I nr IF( T ND. F 0) r-0 "10 50
""0 n 3p'c I. CALL XYNOV( TN, DT, V,XL. AS, YLASI, COU 0 C, AL,",I, h,

P 303 '+ X N 0 t, YN0,1 NI ND, ANO ,', I AN')

00 F5 (r6 riYmi, ( I C) = SUNT( (XC- XNO V)**2+( C- YNO V) *2)
0 3C06 ( VH=VMDC(IC)
0 3070 k ( I C) -- -i-'S+ r I
0 3 0F) 1 F ( PYMH( I C) - L F. SUMI:C IC)) M .' TO 55
(A 3090 1 F(I ANr.UF(.0) 6O TO 999

3" I 0 ALAST=ANO V.'
P 0-3 11 ,r IANC=•)
0 3 1i2 (l 0 "T 0 999
S5130 55 CONTIN!IF'9 11 1 N,, [ P= 0/

i'i C .-8
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MOD3 06/11I/71.

03150 r CONTINUE
03160 CALL NFHYCXX).HV, DT, XL!S T, YL .ST, ALAST(,ANO[)P 2 171+ XNO ,,,YNOV.!, I N A S)
V3110 IND=I
03190 TN-2.
(,320• 1 ANr.= I
0 3210 SO TO 60
03220 3F CON TI NIJF
03230 IF( IND. FO.0) (,o TO F50 324i0 CALL XYNO W( TN, DT, V, XL./ýST, YLAST, COtIkSF', ALAST, r.. KNO W,( 325VJ+ YNOW,IND.,ANOk',IANC4,
0 p324J IF(IANG.EU.0) C0 1'0 999
03270 ALAST=ANOW
0 32P0 I AN Gf70
03P90 • , 0 TO 999
03,300 65 CONTINUE
03310 GAC LL NPHLY (XXp R, V- 0 T. XL A.. T, YL ' ST, ALA . ANO
., 33PO+ XNOV,YNOW, IAN(-,
03330 TN=2.
0 3340 IND=I
03350 ALAST=ANOW
0 33ý, IANr,=0
V) 3370 999 CONTINUE
S3380 RETURN
03390 END

C-9



m or3 06/1 1/71-

0 3400 SU.POUTINF MFF.T( VC, V6A.XCPYC, XS, YS, I EN)
.t,3410 R0= 60.

V 342PO RANrF-S(tUR( XC- XS)**P÷ (YC-Y s .**2)
V 343, I F( RANGF. CT. R) R Tr0 10 1
03440 I FN= l

0 3450 G O TO 00020
S,34AO 10 IFN=e

0 3470 20 CONTINUE
0 3Z480 RFTURN
P 349.) FNED

41

C . - _ _ _ -- _ _ _ _ _ - _ _ _ _ __.O



M0fl3 06/1 1/71-

073 5 00 SUPR8O U'IN F IN DCOY (AN GDI. Tini.XDYD,XCYC,xs, Ys,xx~, K
r)3) 10+ VDC, VS, VC)
03520 5 CONTI NUF
0 3530 ANrDl= 0. ?FQ 9*RANF(XX)
V)3S40 RAD=,R* RAN P'(XX)
03550 XD1IRAfl*CO-;C(ANG0d1 )
0 3560 YP1=AD*S1NCIANC(D)I
03570 CALL MF-T'(VDC, VS, Xf)1,YDI, XS,YS, IFN)
0358~0 IF(1EN-F0).1) 00 TO 5
03590 RD.R15RR
0 3r,0 0 RCS=R2R
0 361 V SLIM R= R 5+ RCS
03620 R CVAnY:=SORTX (- XD 1 2 +(YC,- Y 1)*1*2)
V, 3 630 (A IC N'(VAPY. P~T. SUMk) RETUIRN
03640 G 0 TO 5
03659 RFTI-IRt
0"4660 W I,)

C-11



Vi l n3 6/11/71.

ý! 3()70 SRPO 'r IN F XYNOV( TN.- DT., V.. XL AST.,YLAsT,1,r~rllJHFp ALAS T, k,
S 31;R r) + X N'0V, YNO0V,I N U,A N0to, I AN)
n/ 369M C ONTINL..'F

1~ 700f F 1 P-N= TN * 0T *V
3 ?71 C7 IF( FLF,\. r-.CIS) GO TO 10~

0 37fln nX= ( DT*V)*ClSALgST)

0 37 3 0 F)Y-- DT*V) *SIN (ALASýT)
03740i IRNOW=SO-XT(CDX.XLf)ST)**2+CDY+YLAST)**?)
0,1750 IF( RNOW.*G T. * ) TO to1
0 3760 XNOW=XLASTQ'DX
0 3770 Y N 0h'ZY L AS T+ DY
(A13780 TN= TN+ I
0 379c0 IAN(OCO
0,' 2800~ C- T 99

M 3 E In 10(ONTINUF
0 "'2P CA~LL NPHYCXXRPs V, Pl.XLAST, YLAST,(..( LA'.,A-NOk'.',XNO V,YNO', ING
( 'i R 3 0TN= 2.
0 4 INj= I

In I k04 99 CON T IN U

P 3 '7 NR7I R

I? P, A WN F

C 1



m V P ?9 r Sl IRot'ýT INF N PHY CX X, i, V,L)1, AL AST, YL fST, AL A ST,
3.. (W9 0 1 AN() -*,XNOVYNO k,; TAN C)
?9 10 2) C 01\ 1I N 1 F

AL39 /LH A=6-2,8, 3 19HA NIF (X A)
V! 395R HHY=AiF'HA+ALA^ST

~39,e4 P PHY= AMO f)( PHY, (. P8,'l 9
?9 -950 f)X= C nT*\))*COS(FPHY)
03960 DY=( DT*V) *SIN(HHY)
143970A RNOVýSQ'(RT( ( X+XLAST** +(DY+YLAST)**2)
0A3980 1F( RNOVe GT. R) G~O TO 20
03ý990 ANOV'=FHY
VA 15000 XNOVI=XLPSTi-DX
r, .1, 0 1 YNOWl=YLP.ST+LDY
VA40VA0 FRETURN
0 i3 0 END

C*-1



m o n n 061 11/7 1.

~i0 .4 0 SL'HRO -T IN~ F HO( TDC VA, KONICYIS TAT, NREPLI, NIN T, I TGB5)
0 05 " DIM FN SION TDA'vA( 500),I1FHF( 500), TCOM( 500)

0 40 60 D I MENSION I FRFC( 500)
P. 0 70 1 I-TDTE 0
P 4F3 InR01F I STAT.1-.NRFP~Li) CO0 TO 5
Pi 40O90 SIM=N RFPL I
04I100 CIO TO 61
94110 5 ISUM=ISTAT
0 4120 6 TINT1=10.

0430 TMA~X= 0.
0 ODO 7 J=I, N INT

04160 IFRFC(J)=0
04 1 7 0 7 CONTINUE
0 4180 Dr) 10 I=I,ISUM
0 4190 DO P G J= NINT
0,4200 TCOMPA=FLD;, FC J) *TINT
0 4210 1F( TDCVA( I).G CTo500,0. GO TO 4i0
0/422q I F(TDCVA( I) .GT.'oTCOMPgA) ('O TO 20
0 /'4 P30 IEFRF(J)=IFRF(J)+l
0 4 2 4M T( TCOMPA *L T. TMAX) C O TO 10
0 4 P- 5 TMAX=TCOMPA
0 AP60 CO TO 10

4P /70 4i0 1 -f(ZT5= 1 TGT5+ I
0 428~1 (.0 TO 10

0429020 rO NT1 I!u
n 11130(0 10 CONTNINUIF

0.30 00 (1 ) 3o I~1,IH
0 4330 TCOM (I ) =LOAT( I )-*IINIT

fý 1211 030 CON T I NLF

0 i136fl DO 110 I=P,TIH
(7 /70 r1 EIRFf( (I ) I1 FR-F( I )+ T FkEC( I - I)

020 11nI0 v CONTINUF
0 /Ii390 YHRPIN T,* T TMF I NTE RVAL, F,07 U N C [,'pCI IM F*
02-40 0O DO 100 1 1, I P
P 4A1 MI T( IHFP( CI ) FU 0) C-10 '10 100L0 44A20 PNhINT '1 vTCOM C I ), I FRF(I ) , IRF -FCC I
0 4,1430 35 FO RMA T CIH , P.X,Fi12,?X, 211'A)

() 4 4 /5 P F T IHN

C i4
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